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Abstract The aim of the paper is to assess the influence of the altitudinal gradient on the quality and 
biodiversity of grasslands in the mountainous area Muntele Mic. We studied various types of 
grasslands found at different altitudes as 613, 1342 and 1562 m. For each of them, we studied: the type 
of grassland, structure of vegetation, pastoral value (VP), Shannon biodiversity index, as well as 
autecological vegetation index. We determined the climatic factors through the average values of 
temperature and precipitations, and the edaphic characteristics of the substratum: pH value, clay 
content, humus content and phosphorus content. The main results indicate that the structural 
parameters of the ecosystems of mountain grasslands under study are strongly influenced by the 
altitudinal gradient. Studies such as this will allow of future modellation of the dynamics in the 
evolution of the quality and biodiversity in mountain grasslands in relation to the altitude. In its turn, 
this modellation will serve as an element of orientation for correct management of mountain 
grasslands. 
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INTRODUCTION 
 
 The great importance of the grasslands in the mountain region of Banat is given by 
the particularities of the area, where the permanent grasslands cover over 250 thousand 
hectares. The term gradient comes from the Latin gradiens ‘which advances’ and is used in 
exact sciences to describe sizes and variations depending on a certain parameter, usually 
horizontal or vertical distance (height, depth), (Dicţionar Enciclopedic Român, 1996; 
http://ro.wikipedia.org/wiki/Gradient). Establishing similarity between vegetation succession 
from the Equator to the Poles and its zonality along the vertical in high mountains was 
achieved by von Humboldt (1769-1859) (Raven et Axelrod, 1992). Latitudinal zoning and 
altitudinal ranging of the Globe vegetation was represented graphically (Villee et al., in 
Strugren 1965). For the conditions in Romania, they have established the vertical thermal 
gradient in the troposphere which is 0.5°C...0.6°C/100 m altitude (Stoenescu et Tâştea, 1962) 
and the hydric gradient of 40-50 mm/100 m (Marcu, 1983). They have designed, for 
Romania, vegetation maps among which the ones by Enculescu (1938), Doniţă et al., (1960, 
1992).  
 In the first representations of the vegetation per altitude, they show low and high 
altitude limits of the vegetation formations by Ivan (1967, in Doniţă et Ivan (1985). The same 
authors claim that vegetation ranging should be done starting from 300 m altitude in the 
conditions of Romania since this is the altitude gap at which there is zonal vegetation 
characteristic to geographical latitude. The 300 m altitude gap represents, thus, the limit 
between latitude zone and altitude ranges (Maruşca, 2001). 
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 Due to the impact of altitude gap for the grasslands in Romania, Cernelea et 
Bistriceanu (1977) consider that along the vertical line, productivity decreases with 10% 
every 200 m (from the beech range to the alpine range). This decrease is the result of all the 
factors determining the change of the species in the vegetal cover. 
Grassland soil gradients depending on altitude show that pH decreases with 0.05/100 m 
altitude, base saturation degree (V%) decreases with 1.15/100 m, and changeable hydrogen 
(SH), humus and mobile aluminium increase slightly as a result of climate factors, particularly 
increase of precipitations and decrease of temperatures (Chiriţă, 1974; Puşcaru, 1956, 1963, 
1970; Beldie, 1967; Bărbulescu et Motcă, 1983 in Marușca, 2001).  
 As for the evolution of grassland production depending on altitude gradient, results 
obtained by Puia et al (1976) show that the highest level of plant weight is between 1000-
1400 m altitude, i.e. 1,900 kg/ha dry matter, while the lowest is above 1,800 m altitude, i.e. 
890 kg/ha of dry matter. 
 In general, ecosystems in warm areas on the Globe are richer in taxonomic groups 
(species, genera, families) compared to those at high altitudes in the temperate area (Gaston et 
Williams, 1996; Allen et al., 2002; Hunter, 2002; Harrison et al., 2004; Bîlteanu et al., 2005). 
In the climate conditions of Romania, grassland biodiversity tends to decrease the number of 
species in the hill and depression area to the alpine range (480-2210 m) (Maruşca, 1982, 
1997). 
 
MATERIALS AND METHODS 
 
 The Ţarcu Mountains, of which Muntele Mic is part, cover the North-West area of 
the Meridional Carpathians; they are limited by the Timişului and Bistrei valleys, by the 
Râului Rece Valley (Hideg) and by the River Şes, then by the Râul Mare River, and reach an 
altitude of 1,806 m (www.banaterra.eu). 
 We studied grassland permanent vegetal associations on the Muntele Mic (Caraș-
Severin County), under the impact of the gradient altitude from 613, 1,342 and 1,562 m. 
Depending on altitude, we assessed the following elements: floristic inventory and structure 
per families of the vegetal cover; vegetation quality assessed through Pastoral Value of the 
vegetal cover; biodiversity or species richness assessed through the Shannon index. The 
studied grasslands range in the Boreal range, sub-zone of spruce fir. Grassland series is 
Festuca rubra, grassland type is Festuca rubra ssp. commutata, Nardus stricta, grassland 
subtype Vaccinium myrtilus, Juniperus comunis ssp. nana.  
 For the study of the vegetal cover, we used the quadrant method (Daget et Poissonet, 
1971; Le Floc'h, 2007, Samfira et al., 2011). The area of the samples from which we sampled 
vegetation to capture most species making up the phytocoenoses was 20-25 m
2
 according to 
Ivan et Spiridon (1983); Cristea et al. (2004). 
 Data recorded in the floristic samples through the quadrant method were used to 
calculate the following vegetation parameters: specific frequency, specific contribution, 
volume of plants (relative volume), species richness, and pastoral value on a scale from 0 
to100, Shannon-Weaver biodiversity index, Simpson dominance index, bioforms and 
geoelements spectra, and synecological indices. 
 Pastoral value was calculated with the formula: 
VP= 


n
i
ii xISVS
1
5/)(
 
where: 
Vs – assessment of specific abundance through specific value; ISi – specific index;  
i – species; n – number of species; 5 – maximum grade. 
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 To characterise a vegetal community from a taxonomic point of view, i.e. from the 
point of view of specific diversity, we used the Shannon index by calculating entropy (H’) 
and relative abundance (EH’) also called equitability index (McDonald, 2003; Odum, 1975; 
Krebs, 1999; Cristea, 1991; Frontier et Pichod-Viale, 1993). 
 The calculus of Shannon’s entropy (H’) was made with the formula: 


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where: 
S – number of species in the studied sample (species richness); pi – share of species i from S 
(Beals et al., 2000). 
 When we consider that pi = Ni/N, entropy H’ is calculated with the formula: 
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where: 
Ni – number of individuals of the species i; N – ΣNi – number of total individuals in the 
analysed sample. 
 Calculated value of H’ ranges between 1.5 and 3.5, where H’ = 1.5 represents low 
species richness, i.e. a relatively low abundance, H’ = 2.5 shows mean biodiversity, and H’ = 
3.5 shows high species richness. 
 For calculating the correlation coefficient, was used the following formula: 
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and in order to interpret its significance, we used the null hypothesis test for comparing r to 
zero. The significance levels used are 5% and 1% respectively, with safety levels 
corresponding to 3 degrees of freedom (Boldea, 2010). 
 
RESULTS AND DISCUSSION 
 
 The study of the dynamics of pastoral value and biodiversity parameters under the 
impact of the gradient altitude in the permanent grasslands on Muntele Mic (Caras-Severin 
County) started from the type of vegetal association and from floristic structure.  
 In the permanent grasslands located at 613 m altitude, whose cadastral coordinates 
are N 45.32692 and E 22.41366, we identified a vegetal association of the type Agrostis tenuis 
- Festuca pratensis - Anthoxanthum odoratum. The vegetal association was made up of 32 
species with the following distribution per groups: Family Gramineae with a share of 15.62%, 
Family Leguminosae with 6.25%, sedges with 3.12%, while species from other botanical 
families share 75%. 
 Assessing pastoral value was done using a scale between 0 and 100. Pastoral value 
grade for the permanent grassland on Muntele Mic, at an altitude of 613 m, is 7.83. This 
pastoral value is associated with a grade of the Shannon-Weaver index of 3.23 corresponding 
to high biodiversity. 
 According to the interpretation scale, pastoral value is considered very low, which is 
characteristic of qualitatively debased vegetal cover. This is supported also by the particularly 
high percentage of species from other botanical families that make up the vegetal cover. 
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 Permanent grassland soil analyses 613 m altitude show that soil pH is5.01, colloidal 
and physical clay content ranges between 16 and 29.8%, humus content is 9.15, mobile 
phosphorus content is 0.52 ppm, and mobile potassium is 0.52 ppm. 
 In the permanent grassland on the Muntele Mic, identified at 1342 m altitude, with 
the cadastral coordinates N 45.20510 and E 22.28531, we identified a vegetal association of 
the type Agrostis tenuis - Festuca rubra. We identified 22 species making up the vegetal 
cover, as follows: Family Gramineae has a share of 19.88%, Family Leguminosae 6.25%, 
sedges 3.12%, while species of other botanical families share 70.75%. 
Pastoral value grade in the permanent grassland on Muntele Mic, at 1,342 m, is 28.48. This 
pastoral value is associated with a Shannon-Weaver index grade of 2.74, which corresponds 
to high biodiversity. 
 Permanent grassland soil analyses on Muntele Mic at 1,342 m altitude show that soil 
pH is 4.74, colloidal and physical clay content ranges between 21 and 40%, humus content is 
10.7, mobile phosphorus content is 7 ppm, and mobile potassium is 43 ppm. 
 In the permanent grassland from the Muntele Mic, identified at 1562 m altitude, with 
the cadastral coordinates 1,562 m altitude, N45.35658, E22.46476, we identified a vegetal 
association of the type Nardus stricta - Deschampsia flexuosa. This vegetal association has 
the following structure: Family Gramineae with a share of 18.75%, Family Leguminosae with 
6.25%, sedges with 12.5%, and species from other botanical families share 62.5%. 
Pastoral value grade in the permanent grassland on Muntele Mic, at 1,562 m altitude, is 10. 
 This pastoral value is associated with a Shannon-Weaver index grade of 4.83, 
corresponding to high biodiversity. 
 Permanent grassland soil analyses on Muntele Mic at 1562 m altitudes show that soil 
pH is 4.29, colloidal and physical clay content ranges between 15 and 30%, humus content 
ranges between 5 and 11, mobile phosphorus content ranges between 5 and 9 7 ppm, and 
mobile potassium content ranges between 33 and 64 ppm. 
 A synthesis of the results concerning the dynamics of pastoral value and biodiversity 
depending on the gradient altitude in the permanent grasslands from Muntele Mic is shown in 
Table 1. 
 We can see in Table 1 that, under the impact of the gradient altitude, dominant 
vegetal association changes: at 613 m altitude, Agrostis tenuis and Festuca pratensis are 
dominant; at 1,342 m altitude, ssp. pratensis is replaced by ssp. Rubra; at 1,562 m vegetation 
is dominated by the species Nardus stricta and Deschampsia flexuaosa. Vegetation structure 
also changes, such as the species of the Families Gramineae and Leguminosae have close 
shares, together with altitude increase, but sedges share also increase detrimental to species 
from other botanical families.  
 Maximum pastoral value grade is 28.48 at 1,342 m altitude, considered low on a 
scale from 0 to 100 according to Cristea (2004). This pastoral value is associated with mean 
species richness of vegetal communities according to the scale of Beals et al., (2000), 
Shannon Index value being 2.7. 
 At 613 m altitude, pastoral value grade is also very low, only 7.8, but it is associated 
with an increase of the value of the Shannon Index to 3.23. 
 Analysis of the dynamics of pastoral value and biodiversity at 1,562 m altitude points 
out the existence of a negative correlation between the level of pastoral value and 
biodiversity. Pastoral value grade is 10, associated with high interspecific biodiversity, the 
value of the Shannon index being 4.83. According to Moisuc et al., (2001), Samfira et al., 
(2011), low pastoral value index is due to high participation of species from other families 
whose Specific Quality Index is almost zero. 
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Tab. 1. 
Synthesis of results concerning the impact of altitude on grasslands on Muntele Mic 
 
Altitude 
(m) 
Dominant 
vegetal 
association 
Pastoral 
value 
Shannon 
index 
Soil pH Vegetation structure per 
families (%) 
613 Agrostis 
tenuis-Festuca 
pratensis-
Anthoxanthum 
odoratum 
7.8 3.23 5.01 Gramineae 15.62 
Legumes 6.25 
Sedges 3.12 
Other botanical 
families 
75 
1342 Agrostis 
tenuis-Festuca 
rubra 
28.48 2.7 4.74 Gramineae 19.88 
Legumes 6.25 
Sedges 3.12 
Other botanical 
families 
70.75 
1562 Nardus stricta-
Deschampsia 
flexuaosa 
10 4.83 4.29 Gramineae 18.75 
Legumes 6.25 
Sedges 12.5 
Other botanical 
families 
62.5 
 
 The impact of gradient altitude is obvious at soil pH level, according to Marușca 
(2001); it decreases with 0.05/100 m altitude. Thus, we can notice that at 613 m altitude soil 
pH is 5.01, decreasing to 4.74 at the intermediary range and to 4.83 at 1,562 m altitude. 
 Depending on the altitude, we analysed the existence of correlations among the 
pastoral value, biodiversity and soil pH in relation to three altitudinal levels, namely 613 m, 
1342 m and 1562 m. The correlation matrix is presented in Table 2.  
  
Tab. 2. 
Matrix of correlation among the studied parameters 
 
 Altitude  Pastoral 
value 
Shanon 
Index 
Soil pH 
Altitude 1    
Pastoral 
value 
0.3869 1   
Shanon 
Index 
0.4843 -0.6193 1  
Soil pH -0.9031 0.0463 -0.8129 1 
 
 After analysing the values of the correlation coefficient, one can notice the existence 
of negative correlations between pastoral value and specific biodiversity (r= - 0.619).  
 The existence of negative correlation between pastoral value and biodiversity is 
proven experimentally (Samfira et al., 2011), by the fact that the pastoral value index is low, 
due to massive participation to the vegetal cover of species belonging from other families, 
usually with very small Specific Quality Index, almost zero.   
 Another finding of our study is the existence of negative correlation between soil pH 
and biodiversity level. Thus, an increase in Shannon index is associated with a decrease in 
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pH, (r= -0.81). The same type of negative association was found between altitude and pH (r= 
-0.90). This negative correlation fits in the pH tendency to decrease as the altitude increases, 
according to several researchers (Chiriţă, 1974; Puşcaru, 1956, 1963, 1970; Beldie, 1967; 
Bărbulescu et Motcă, 1983 in Marușca, 2001). 
 
CONCLUSIONS 
 
 Gradient altitude has an impact on life conditions structural parameters of permanent 
grasslands on Muntele Mic. As for the structure of the vegetal association, at 613 m altitude 
the vegetal association is dominated by the species Agrostis tenuis - Festuca pratensis-
Anthoxanthum odoratum, at 1,342 m altitude the vegetal association is dominated by the 
species Agrostis tenuis-Festuca rubra, at 1,562 m altitude the vegetal association is 
dominated by the species Nardus stricta - Deschampsia flexuaosa. 
 As for the quality of the vegetal cover assessed through pastoral value grade: at 613 
m altitude, pastoral value is 7.8, at 1,342 m it is 28.48, and at 1,562 m it is only 10. 
As for species richness of the vegetal cover assessed through Shannon biodiversity indices, at 
613 m altitude Shannon value is 3.23, at 1,342 m it is 2.7, and at 1,562 m it is 4.83. 
 After analysing the correlation matrix, we found negative correlation between 
pastoral value and specific biodiversity (r= -0.619). We also found negative correlation 
between pastoral value and biodiversity, and between soil pH and biodiversity level. We 
consider that the study of the impact of the gradient altitude on Muntele Mic, it can have 
practical implications thus guiding the management of permanent mountain grassland toward 
a proper management according to plant life factors. 
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